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Abstract
Aims

The biomarkers oestrogen receptor (ER), progesterone receptor (PR) and human epidermal
growth factor receptor (HER)2 are routinely measured in patients with breast cancer with
international consensus on how they should be interpreted. There is evidence to support use
of other biomarkers to give more detailed predictive and prognostic information. Ki-67, is
one example and measures the proliferative activity of cancer cells. It is important this can be
done at diagnosis of breast cancer for patients who do not have initial surgical treatment

(mainly older women) and those receiving neoadjuvant therapies.
Methods

A systematic review was performed to assess concordance of measurement of Ki-67 between
core needle biopsy (CNB) samples and surgical excision (SE) samples in patients with
invasive breast cancer. MEDLINE and Embase databases were searched. Studies were
eligible if performed within the last 10 years; included quantitative measurement of Ki-67 in
both CNB and SE sample with no prior breast cancer treatment; measured concordance

between two samples; had full-text available.
Results

A total of 22 studies including 5982 paired CNB and SE samples on which Ki-67 was
measured were appraised. Overall, there did appear to be concordance, however, reliability
was unclear. Where given, the Cohen’s Kappa Coefficient (K) of correlation between
samples, ranged from 0.261-0.712. Concordance rate between CNB and SE where measured

as a percentage, had a range from 70.3%-92.7%

Conclusions



Assessment of level of concordance of Ki-67 between CNB and SE samples is hampered by

different methodologies. International consensus on Ki-67 measurement is urgently needed.
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Introduction

Breast cancer is the most common female malignancy in both the developing and developed
world and is the primary cause of death among women globally (1). Risk of breast cancer
increases with age (2); the number of older women living with breast cancer will quadruple

by 2040 (3, 4).

Core needle biopsy (CNB) is the preferred pathological method for breast cancer diagnosis
compared to fine-needle aspiration cytology or surgical excision (SE) (5). The tissue removed
by CNB gives information regarding tumour type, grade and expression of biomarkers such
as oestrogen receptor (ER), progesterone receptor (PR) and human epidermal growth factor
receptor (HER)2. Measurement of these biomarkers guides therapy, as well as providing

predictive and prognostic information and has become standard practice in breast cancer care.

There is growing evidence to suggest that there are other biological markers, in addition to
ER, PR and HER2, which may provide more detailed predictive and prognostic information;
Ki-67 is one such marker. Ki-67 is a cell-cycle specific antigen used to measure the
proliferative activity of different tumour cells and is an important marker for predicting both

prognosis and response to specific treatments (6-9).

Ki-67 expression in primary breast tumours has been shown to be a significant prognostic
factor for overall survival (OS) (10) and is predictive of response to neoadjuvant
chemotherapy (NACT) (11). Although used less commonly, there is also a role for Ki-67
monitoring in neoadjuvant endocrine therapy (NAET), especially in more recent times in the
the context of the COVID pandemic, where there has been reduced surgical capacity (12).
Despite this, international controversy remains regarding methodology of Ki-67

measurement, such as definition of ‘high’ versus ‘low’ expression or staining patterns (13). A



review on the subject by Urruticoechea et al (14) included 17 studies and found statistically
significant association between Ki-67 and prognosis, but the cut-off for Ki-67 overexpression

varied from 1% to 28.6%.

Despite these uncertainties, some associations already recommend routine measurement of
Ki-67. A joint committee of the Spanish Society of Medical Oncology and the Spanish
Society of Pathology (15) recommend Ki-67 to determine proliferative activity of breast
cancer, however, they acknowledge that there is no absolute agreement regarding cut-off

points.

A further issue is that few studies have compared the concordance rates for Ki-67 measured
in CNB and SE specimens, unlike for ER, PR and HER2, for which there is a plethora of data
(16-21) confirming concordance between SE and CNB measurements. By primarily
measuring Ki-67 in SE specimens, the lack of data for its concordance rates could exclude a
large group of women who do not undergo primary surgical treatment (mainly older women)

and patients having NACT, in both clinical and reseach settings.

The aim of this paper is to systematically review the literature to determine whether there is
concordance of expression of Ki-67 between CNB and SE samples, in patients receiving no

prior therapy for breast cancer.



Methods
Search strategy

The OVID interface was used to search MEDLINE and Embase databases on 17" December
2020. The search was limited to those studies published within the past 10 years (1°
September 2010 — 17" December 2020), those published in English language and with full

text available.

Titles and abstracts were searched using the following terms: (breast cancer) AND (needle
OR biopsy) AND (surgery OR surgical OR excision) AND (Ki-67 OR Ki67). Duplicate

publications were excluded.

Avrticles were screened by two independent researchers (RP and JK) in two stages: screening
of titles and abstracts, which was followed by the retrieval and screening of full-text articles.

Discrepancies were resolved by discussion.
Inclusion criteria were as follows:

e Studies that included quantitative data for concordance rates for Ki-67 between SE

samples and CNB samples

e Patients with invasive breast cancer, having received no prior therapy for breast

cancer
e Studies with full-text available
Exclusion criteria were as follows :
e If patients received neoadjuvant treatment between CNB and SE sampling
¢ No quantitative measures of concordance were made

e Unable to distinguish results between in situ and invasive cases



e Failure to fulfil inclusion criteria or breast cancer not discussed
e Restricted access to study report/data/full-text

Data extraction

All data was extracted directly from the study text.

The following variables were extracted from the included studies when available: year of
publication; country; type of study; number of paired samples; patient information including
pathology of breast cancer for CNB samples and biomarker status; size of section cut from
CNB and SE; antibody used to test Ki-67; definition and method of how Ki-67 was scored;
Ki-67 cut-off value or range; how the scoring was performed; if the testing was performed in
a hospital pathology department or a research laboratory and if it was retrospectively or
prospectively performed; guidelines used for Ki-67 testing; statistical test performed to
determine concordance; concordance between CNB and SE, concordance based on ER, PR

and HER? status where this information was available; interpretation of findings.

Methodological quality of full-text papers was assessed using the Reporting
Recommendations for Tumour Marker Prognostic Studies (REMARK) criteria (22) and in
accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) statement (23). Assessment of level of evidence, which is generally used to
appraise clinical trials, was not relevant in this review, which was primarily concerned with

laboratory measurement of biomarkers.

Meta-analysis was not performed due to the heterogeneity of included studies and lack of

individual patient data available in each study.



Results
Summary
Details of the literature search and study selection are shown in Figure 1.

A total of 22 studies met the search criteria and were included in this review. These studies
included a total of 5982 paired CNB and SE breast cancer samples on which Ki-67 was

measured.
Of note, all of the included studies involved female participants only.
Reporting standard

The results of REMARK assessment of full-text papers are given in Supplementary File 1.
All papers achieved at least 65% (13 out of a maximum of 20 points) of the REMARK
criteria for reporting of a study including a biomarker. The most frequently missed criterion

is number 9 in relation to sample size, specified effect size, and target power.
General characteristics of the studies
The characteristics of the included 22 studies are presented in Table 1.

The majority of the studies were performed in Asia (11, 50%) (20, 24-33) or Europe (9, 41%)
(34-42). Only one (4.5%) study was from South America (43), and one (4.5%) from North
America (44). Most of the studies were retrospective in design, or used formalin-fixed
paraffin embedded samples, (15, 68%), apart from two (9%), which were prospective and
used fresh samples (33, 40). The design was unknown in five studies (23%) (28, 39, 41, 42,

44).

The number of paired samples included per study varied greatly, from nine (42) to 1219 (26),

with an average of 271 paired samples per study. The most common histological type was



Invasive Carcinoma of No Specific Type (NST), with the majority of samples being ER/PR

positive and HER2 negative.

Methodology of the studies

The methodology of the studies included are summarised in Table 2.

Most studies retrieved and tested samples in a hospital pathology department (13, 59%),
whereas others did this in a research laboratory (4, 18%). Two studies (9%) conducted their
experiments in both hospital and research laboratories (35, 40) and this information is not

given in three studies (14%) (24, 28, 44).

Thirteen studies mentioned what laboratory staining instrument was used for

immunohistochemistry (59%). Of these, six studies (46%) used the system by Ventana (20,

28, 30, 33, 34, 44) and four (31%) used the stainer by Dako (36, 38-40). The other

manufacturers used in one study each were Leica Biosystems (27), Roche (43), and Ariol (1,

4.5%) (31).

A total of 18 studies (82%) provided data on what histological methods were used to measure

Ki-67, which was immunochemistry in all cases.

Eight studies (36%) provided information on thickness of section cut, which was 3 - 5 um in
all cases. The size of SE sections was provided in only two studies (9%) (20, 28), where it

was 1 cm.

A total of 18 studies (82%) described that they used the percentage of positively nuclear

stained cells to count Ki-67 (20, 24, 25, 27-31, 33, 35-37, 39-44).

Ten

studies (45%) described what method they used to count Ki-67 in samples. Seven of the ten

studies (25, 27, 29, 30, 35, 36, 39) (70%) manually counted cells stained positive for Ki-67,




while two studies (24, 41) used an automated system (20%) and another (20) used both

manual counting and an automated system (10%).

Ten studies also described how they defined scoring of cells. Seven of them counted only

Ten studies also described how they defined scoring of cells. Seven of them

counted only hotspot areas (20, 24, 27, 35-37, 39, 41, 44), one study counted

hotspot and negative areas (25), and two studies counted hotspot and cold areas (36, 39).

Five studies (23%) (24, 31, 38, 39, 41) reported the incubation time of the sample with the
Ki-67 antibody, which was between 20-30 minutes. Fixation time with formalin was reported
in seven studies (32%) (20, 25, 27, 28, 31, 38, 44) and this varied greatly from 6-72 hours

(27, 44).
A total of 14 studies (64%) used the Ki-67 clone MIB-1. Of these, 11 studies (50%) used the

clone manufactured by Dako (24, 26, 29-31, 33, 36, 38-41).

The other Ki-67 clones used were 30-9 from Ventana (4, 18%) (28, 34, 35, 44) and K2 from
Leica Biosystems (1, 4.5%) (27). Three studies (14%) did not provide this information (25,

32, 43).

A total of nine studies (41%) used 20% as the cut-off for ‘high’ expression of Ki-67 (20, 26,
30, 34-36, 38, 41, 43). Most studies (10, 45%) had more than one pathologist to score Ki-67

in the samples.

The studies also used different international guidelines including the 2011 St Gallen

Consensus (45), quoted by seven studies (32%) (25, 26, 28, 32, 35, 36, 38) and the

10



International Ki67 in Breast Cancer Working Group_(IWG) 2011 recommendations (46),

quoted by two studies (9%) (20, 40).

Rates of concordance

The results of the studies are summarised in Table 3.

A total of nine studies (41%) used Cohen’s Kappa Coefficient (k) as the statistical test to
measure correlation between samples, with the value for k ranging from 0.261 — 0.712 (20,
26, 28, 30, 33, 34, 36-38). A total of ten studies (45%) measured the concordance rate
between CNB and SE as a percentage, with this ranging from 70.3% - 92.7% (20, 26-28, 30,
32-34, 36, 37). Two studies (9%) (30, 40) reported median and mean Ki-67 scores in the
context of ER, PR, and HER2 status, and four studies (18%) (24, 25, 29, 33) analysed

whether these clinicopathological factors were associated with discordance.

Discussion

From the 22 studies identified in this review, it appears that there is concordance on Ki-67
measurement between CNB and SE samples, however, this cannot be quantified with the

present level of data largely due to heterogeneity of the studies included.

Reporting standard

On average, the included studies met 16 out of a maximum of 20 points on the REMARK
Criteria. The most frequently missed criterion was in relation to providing a rationale for
sample size, in addition to providing the target power and effect size. In an explanation of the
REMARK criteria by Altman et al (47), it is recognised that sample size receives little
attention generally, due to the fact that most studies use pre-existing specimen collections or
data sets, like the majority of the studies in this paper. Thus, the basis of sample size

calculation is less clear and often not done.

11



General characteristics of the studies

As mentioned previously, there is discrepancy worldwide in the methodology or
measurement and analysis of Ki-67. The updated recommendations from the International Ki-
67 in Breast Cancer Working Group (48) have worked towards addressing some of these
issues, but note that current clinical utility of Ki-67 in breast cancer care, remains limited.

This present systematic review therefore is of timely interest and the first of its kind.

Most studies were retrospective in design, which is less desirable than a prospective study,
which is preferable due to more accurate data collection and less variations between different
centres (47). The problem retrospective studies pose is the lower quality of data as
information collected retrospectively may be incomplete and may not be collected in a
standardised fashion. Studies that presented no concordance data in this current review were

excluded.

Methodology of the studies

Technical Differences,

Most studies were either performed in a hospital pathology department or in a research
laboratory. This information is vital as there may be a difference in testing standards, as there
is no quality assurance scheme in place to measure Ki-67 in a way that is reproducible by
different laboratories. (46). One potential solution to combat this issue is to have national
centres that deal with Ki-67 measurements, thereby assuring that this data is standardised and

comparable with other studies.

A majority of studies used the immunohistochemical staining device from Ventana, followed

closely by Dako. As a potential source of inter-laboratory variation (49, 50), this is an

important factor to consider. There is currently no gold-standard staining device
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recommended (48), but quality assurance schemes should be in place to ensure the quality of

staining remains constant across laboratories.

The antibody used by the majority of studies was clone MIB-1, specifically by the
manufacturer Dako. Since the Ki-67 antigen is a nuclear protein and is preferentially
expressed during all active phases of the cell cycle, the antigen is exclusively detected within
the nucleus during interphase and mitosis. MIB-1 reacts with an epitope encoded by a
repetitive element in the Ki-67 gene, and thus recognises native Ki-67 antigens and
recombinant fragments from the Ki-67 molecule (51). It has been seen in studies that the
MIB-1 antibody has a higher sensitivity than other antibodies, in addition to giving the best
visual staining (52-55). This is corroborated by the fact that a majority of studies in this paper

have used MIB-1 and thus this antibody is recommended, notably by the IWG

2020 Guidelines (48).

The fixation time for preparation of the samples, was also different across the studies and a

number of the included studies mention this as a factor contributing to discordance (25-28).

The IWG 2020 Guidelines (48) cite that Ki-67 immunohistochemistry seems to be more

sensitive than other biomarkers to variabilities of fixation, and the index values may decrease

with use of other fixatives, delays, or fixation times if not standardised (56).

Differences in Counting Methodolgy, ( Formatted: Underline

Method of determining nuclear staining was a major difference between studies, and is likely

to be a significant confounder in comparibility between studies (37). The IWG 2020

Guidelines (48) have also recommended standardised methodlogy for Ki-67 scoring. As a

majority of the studies included have done, it mentions to count all positive invasive

carcinoma cells within region in which all nuclei have been stained, and requires

13



determination of percentage cells positive among total number of invasive cells. On the other

hand, it also mentions that global scores, as opposed to hot spot methods, have higher

reproducibility. A majority of studies, as mentioned above, used hot spot methods, which

could be a potential source of concern when it comes to discordance. In terms of how Ki-67

was scored, a majority of studies had done this manually. The IWG 2020 guidelines also

mention that there is no evidence to suggest that either automated score or visual scoring is

superior to one another; this is unlikely to be significant confounder.

The IWG 2020 guidelines will hopefully go some way to standardising these factors, if
adoption of the guidelines continues. They provide in detailed description of Ki-67 analysis
in the following domains: preanalytical handling, standardised visual scoring system,

participation in a quality control programme, potential as a prognostic marker.

The cut-offs used to define ‘high’ and ‘low’ expression of Ki-67 varied from 1% overall
staining of a sample to 28.6% (14) and there is no international consensus for the cut-off (46).
The St Gallen 2013 recommendations outlined that a standardised cut-off had not been
established but a majority of the Panel voted that a threshold of >20% indicated ‘high’ Ki-67
status (57). The IWG 2020

consensus is that Ki67 5% or less, or 30% or more, can be used to estimate prognosis in

certain groups, as outlined in the report (58), which is different from the St Gallen

recommendations. The former also mentions that it may be useful to capture Ki-67 data “as a

continuous percentage variable”, which may be useful for future studies. According to the

studies analysed in this present review, nine studies used 20% as the cut-off, which is in
accordance with various studies (59-61). One solution to resolve the ambiguity around Ki-67
cut-offs could be to consider Ki-67 as a continuum variable, where the cut-off is dependent

on the prognostic or predictive role given to Ki-67 in the specific study (62).
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Results of the studies

Where given, the Cohen’s Kappa Coefficient (k) of correlation between samples, ranged from
0.261 - 0.712 (20, 26, 28, 30, 33, 34, 36-38). This indicates a range of correlation from fair

(0.21-0.40) to substantial (0.61-0.80).

Concordance rate between CNB and SE where measured as a percentage, again had a wide
range from 70.3% - 92.7% (20, 26-28, 30, 32-34, 36, 37) and mirrors the findings from the
correlation data; there does appear to be concordance between samples, but it has not been

possible to measure the extent of this.

Given the recent recommendations by the IWG to determine Ki-67 on samples positive for
ER and HER?2, it is important to analyse whether ER, PR, or HER2 status can affect
concordance. However, the majority of studies (15, 68%) did not consider this. In the studies
that did analyse this, one study (25) reported that patients with PR-negative or HER2-positive
tumours showed more Ki-67 elevation after biopsy, and another (33) reported that
concordance was much higher in ER-negative tumours compared to ER-positive. On the
other hand, one study (29) found no statistic difference in concordance in relation to these

factors.

Overall, these percentage figures show variable concordance between CNB and SE
specimens than ER, PR and HER2. Damodaran et al (16) showed that concordance between
CNB and SE in 90 patient samples for ER, PR, and HER2 were 92%, 88%, and 78%
respectively. Ensani et al (63) replicated these results in 100 samples, with concordance rates
of 90%, 81% and 97.3% for ER, PR and HER2. The major difference between measurement
of Ki-67 and these other biomarkers is that there are internationally accepted standards for
measurement of ER, PR and HER2, which in turn affects confounding factors that influence

Ki-67 results, such as tumour fixation and staining patterns.
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There are several possible reasons why there is such a broad range of results. The study with
the lowest correlation (28), k = 0.261 and 70.30%, relates this lack of correlation to
differences in fixation time and tumour heterogeneity. Several studies report confounding
factors that can affect concordance, such as tumor heterogeneity (20, 24, 28, 29, 33, 37) or
poor standardisation of methodology such as staining patterns, surgical time interval, biopsy
size and fixation time (24-27, 29, 37). While this lack of standardisation poses a problem
when it comes to reproducing results, it also affects the outcome of studies as well. Since
methodology is not standardised across laboratories, some studies (26, 27) cite this as a
reason for their discordant results, inferring that since patients from different hospitals were
referred to their centres for testing, CNB and SE specimens might have been treated

differently.

The IWG 2020 Guidelines (48) reports

that Ki-67 can be a key prognostic factor if analytical validity is reached by carefully paying
attention to preanalytical issues and calibrated standardised visual scoring. This further
emphasises the need for an international consensus and standardised protocol for Ki-67

handelling.

Limitations

Studies with limited data were abundant but could not be used, such as conference abstracts

or studies with no quantitative data on the concordance between CNB and SE.

The studies which have been included have used different antibodies and manufactures, cut-
offs, methods to count Ki-67 and statistical methods, making it impossible to perform a meta-

analysis on the data presented. The lack of standardisation among the methodologies brings
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the reproducibility of these studies into question. This affects the reliability of these studies,
especially if confounding factors such as if the tests were performed in a hospital pathology
department or a research laboratory or if the sections of tissue samples are cut and stained the
same way are not addressed. The urgency and need for a standardised international guideline

for Ki-67 is evident, given the growing evidence behind its clinical and diagnostic use.

Conclusions

This review has identified that there are many studies set out to assess the level of
concordance between Ki-67 measurement in CNB and SE samples, however, an overall
opinion of this is not possible due to the lack of consensus on how Ki-67 should be measured

and scored.

The majority of studies included in this present review use the Ki-67 clone MIB-1 and a cut-
off of 20% (overall staining of cells) to define a sample as Ki-67 positive. The next step could
be to use these criteria to measure Ki-67 on a large number of samples in a limited number of

centres, to conclusively find a result.
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‘ Table 1: Characteristics of the 22 studies included in the systematic review
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. y 0,
Nov 2019 Metaplastic 8 (1.3%). 111 200 (31.8%)
Minor type 35 (5.6%)
IDC NST 316(60.1%), 0
S ILC 99(18.8%), :|6256g1(2£ /;2,/)
3 Robertson Sweden | 526 Median 65 | Mucinous 15 (2.9%), i i i 1 189 700 Retrospective
etal (34), (26-97) | Tubular 10(1.9%), (35.9%) U 3 P
‘ Jan 2019 Papillary 4(0.8%), Mixed (0.6% )" ’
5(1%), U 77(14.6%) 0%
BZ Clark 60 (33 - IDC 89 (89%), 113 (13%),
4 |etal (44), | USA 82 92) ILC 6 (6%), Mucinous 4 | - - - 11 54 (54%), -
‘ Oct 2018 (4%), Metaplastic 1 (1%) 1 33 (33%)
s IDC NST 324 (87.8%), :I5i 7(%4-1%):
ILC 33 (8.9%), Mucinous | . - - i
5 ﬁoﬁegzon Sweden | 369 62 11 (2.99%). Tubular 2 (48.0%), Retrospective
etal (35), (0.54%), Papillar 2 111 154 (41.7%)

29




Sept 2018 (0.54%), Medullary 2
(0.54%), Mixed 5
(1.36%),
Other subtype 6 (1.6%),
U 1(0.27%)
S Ahn et IDC 86 (96.6%),
al (24), South 89 Metaplastic 1 (1.12%), +ve 60 +ve 55 +-ve 1475 P .
- . - rospective
Soseh Korea Papillary 1 (1.12%), (67.4%) (61.8%) (1684%)
Mar 2018 Mucinous 1 (1.12%)
050
(40.7%),
121
L Xie et al 033(26.8%) | (17.1%),
(25), . 19 (7.3%), I +-ve 2598 .
r China 123 - - 11 23(18.7%), | 22(17.9%, | (2079.7%) |~ Retrospective
Feb 2018 11148 (39%) 111 30
(24.4%),
U
30(24.4%)
;(I 2;(()31)1 et South Median 1 317 (24.1%),
' Korea 1219 495 (24- |- - - - 11590 (44.9%), | Retrospective
Sept 2017 86) 111407 (31.0%)
FE IDC 245 (86.5%), ILC 8 0>
Kombak et (86.5%), (65.4%),
al (27) Turkey | 236 92.3(22- | (2.8%), +ve 248 +ve229 |16 - Retrospective
: 84) Mixed and other 31 (87.3%) (80.6%) (6.6%),
X (12.5%) 1122
Aug 2017
(9%),

30




111 46

(18.9%)
IDC 876 (87.3%),
ILC 61 (6.1%),
Mucinous 14 (1.4%),
0,
iuc(gg; i Median 47 | A egg:i|§£y41(36 (416/3)/0)’ | 37 (3.7%),
0 ’ China 696 Po VA7) - - - 11 346 (34.5%), | Retrospective
Joarans (16-89) Papillary microcarcinoma 111 620 (61.8%)
Jan 2017 16 (1.6%), o7
Tubular 11 (1.1%),
Adenoid cystic 2 (0.2%),
Scirrbous 1 (0.1%)
CM Focke
et al (36), ) ) ) ) ) ) )
11 December Germany | 170
Dec 2016
IDC 64(63.4%),
| Meattini ILC 13(12.8%),
et al (37), Median57. | IDC + ILC 14(13.8%), +ve 80 +ve 86 i i .
12 | Getober | MV 101 5(20-86) | Metaplastic 3 (3%), (3=79.2%) | (85.1%) RetrosREsliE
Oct 2016 Colloid 2(2%), Apocrine
2(2%), Other 3(3%)
HS Kim et
al (29), South .
3 March Korea 310 -- - - - - - Retrospective
Mar 2016
X Chen et . 56.6 (24- | IDC 246 (89.1%), ILC 12 | +ve 214 +ve 163 Ve 16 (2.2%), .
P“ 2l (30), China | 276 91) (4.3%), Others 18 (6.5%) | (77.5%) (59.1%) | 5017 ! 1534 (48)_6%)’ RetrosREgliE

31




Oct 2015 (213 111 90 (32.6%),
%) U 46 (16.7%)
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Abbreviations: Ductal Carcinoma in Situ (DCIS); Invasive Ductal Carcinoma (IDC); Invasive Lobular Carcinoma (ILC); Invasive Ductal

Carcinoma of Non-Specific Type (IDC NST); Estrogen Receptor (ER); Progesterone Receptor (PR); Human Epidermal Growth Receptor 2
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Table 2: Methodology of the 22 studies included in the systematic review
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Abbreviations Core Needle Biopsy (CNB); Surgical Excision (SE); Micrometer (um); Centimeter (cm); Study Number (#); Research

Laboratory (RL); Hospital Pathology Department (HPD): International Ki67 in Breast Cancer Working Group (IWG); St. Gallen (SG)

Table 3: Findings of the 22 studies included in the systematic review
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Statistical Test on ER/PR/HER?2 Interpretation of findings
- k value -% -p Other
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1 Median values No significant variations found in
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- values.
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and SE samples, especially in




hormonal positive HER2 negative
tumours
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T test, Fisher's
test

Median levels =
10%, P<0.001,
Spearman's rho =
0.676

There was no
statistical difference
in
clinicopathological
characteristics
except histologic
grade between cases
with Ki-67

Showed a substantial concordance.
Extremely discordant Ki-67 levels
may be associated with aggressive
tumor biology.
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Coefficient, two

Mean SE = 29.1%,

In HER2+ samples —

Ki-67 value significantly increased

aired samples t 0.6 80.40% - Mean CNB = Ki-67 Median after CNB, which was associated
P P 26.2% P < 0.001 with molecular subtype.
test. change of 5
15 Pearson_ CNB - 56.3%, SE There was a significant dlffer(_ence
correlation - - - — 55 20 in concordance rates when using
coefficient T e - different Ki-67 cut-offs.
2
16 ;( et:rsrtr’\an Neither CNB nor surgical excision
P - - 92.70% - R =0.842, P<0.01 samples gave highly consistent
correlation AP
. results in Ki-67 status.
coefficient -
17 | Cohen’s Kappa The correlation was weak for Ki-
. 0.55 - - -
Coefficient - 67.
18 | Spearman rank
coefficient, Ki-67 |_n SE (N=534) There is a significant difference in
Bland and - ER+=16.6% tumor cell proliferation by Ki-67
Altman analysis, Median %, SE = ER-=42.8% ACT0SS diffe?rent sample c;/te ories
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Whitney U or
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HER2+ = 32.4%);
HER2- = 16.8%.

specific cut-off values should be
applied for practical use.
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Ki-67 in CNB
(N=154)
ER+=11%
ER-=40%

PR+ =11.1%
PR-19.3%
HER2+ = 18.4%:
HER?2- = 11.7%

19

Random Effects
Model

Median Change
was 0 or 0%, Mean
Change was 2.2 +/-
9.2% and 13.58%

Median Ki-67 on
HER2+ samples —
CNB =30, SE =
35.5.

Mean Ki-67 on
HER2+ samples -
CNB = 33.3, SE=
38.4

A significant increase in Ki-67 was
ascertained in HER2-positive and
triple-negative tumours.
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0.545

79.50%

P <0.001

HER2 status had no
impact on K-i67.
However, Ki-67
concordance rate
was higher in ER-
tumors compared
with ER positive
tumors (92.5% vs.
76.2%, P=0.003).
Moreover, patients
with PR -, or grade 3
tumors had a better
agreement using
CNB to detect Ki-67
status than those
with PR + or grade

Ki-67 should be retested on SE
samples in HR+/HER2- patients to
accurately distinguish Luminal A
from B tumours.
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1-2 diseases,

with P value 0.012
and 0.006,
respectively.

21

Paired t test,
bland-altman
analysis

p=0.19

mean proliferation
2.2% higher than
SE

Importantly, the difference in
concordance represents an average
difference in proliferation with the
core biopsies demonstrating a
higher proliferation index
compared to the surgical samples.

22

Mean Change = -
8.1%, P =0.24

High Ki-67 levels were associated
with higher tumour grade. None of
the statistical methods employed
show a significant difference
between core biopsy and
corresponding surgical sample
proliferation values.

Abbreviations Cohen’s Kappa Coefficient (k); Spearman Correlation Coefficient (r); Percentage (%); Core Needle Bio

psy (CNB); Surgical

Excision (SE); Estrogen Receptor (ER); Progesterone Receptor (PR); Human Epidermal Growth Factor Receptor 2 (HER2); Positive (+ve);

Negative (-ve); Hormone Receptor (HR)
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